Abstract
Introduction
Forest management solely oriented on wood is increasingly irrelevant to the function of forest as broader ecosystem. Tropical forest fragmentation has triggered the decline of forest ecosystem function including hydroorological and the biodiversity conservation functions. Monitoring of forest landscape fragmentation is required to develop strategy on managing the remaining forest landscape. One of the most important of ongoing process of natural landscape fragmentation is forest degradation (Batistella et al. 2000) . ITTO/IUCN in 2005 stated that landscape of world's tropical forests remain 45%, which are in separately forest block (fragmented) and damaged condition. Forest degradation in tropical rain forest areas reduced global biological resources (CBD 2005) , and has an impact on occurrence of poverty in communities in and around the degraded forest (Lamb et al. 2005) .
Deforestation can increase forest fragmentation (Reddy et al. 2013; Newman 2014) . Fragmentation of the landscape may have severe consequences for forest biota, including loss of suitable habitat for sensitive species (Mendoza et al. 2005) , increasing competition from generalist species (Laurance et al. 2009 ) and genetic isolation of sub population (Goosem 2007 ), all of which may ultimately result in local extinction of native forest dependent species (Laurance et al. 2009) . Fragmentation is one of single most important factor trigering to the loss of biodiversity in forest landscape (Fahrig 2003) . Several species have been predicted to be highly vulnerable due to habitat fragmentation result (Bradsaw & Marquet 2003) . The process of habitat fragmentation result in increased patch isolation together address quantitative measure of fragmentation. Increasing trend of fragmentation is of major interest in biodiversity, conservation biology, ecology, forestry and biogeography. Landscape fragmentation break up of continous of habitat into small; less connected patches can drive devastating and irreversible consequences on the regional biodiversity. Previous research had been proven that forest fragmentation may cause biodiversity loss (Priatna et al 2012) . Landscape connectivity is a major concern in the maintenance of wildlife population and is considered important for ecological processes such as movement of gene, individuals, species, and population over multiscale, especially in fragmented landscape.
Fragmentation analysis involved the use of statistical measures called metric or indices that describe the landscape composition and configuration. Examine the composition and configuration of landscape can be used to monitor the ecological process which can help forest landscape management. Quatification and comparison of landscape indices have been proven as the most effective method on the analysis of forest fragmentation (Garcia 2004; Li et al. 2009; Singh et al. 2010) .
Forest of Batang Toru watershed is the remaining tropical forest ecosystem in North Sumatra that suffer from high environmental pressure due to open access condition which led to forest encroachment and deforestation. Furthermore, forest degradation and deforestation may enhance erosion and landslide hazard. Hence, the erosion sediment was carried out into reservoir that has been determined as a source of generating electricity power. Community surrounding forest area has been suffered from direct impact of forest degradation due to water debit deficiency and land degradation. Due to the strategic function of Batang Toru ecosystem, proper management is required. This can be obtained from this study, which aimed to examine pattern and structure of forest landscape, and develop index of forest landscape fragmentation in Batang Toru watershed as well as to identify factors triggering fragmentation of forest landscape.
M
The study was conducted in Batang Toru watershed, North Sumatra Province, Indonesia (Figure 1 ). (Thompson et al. 2002) . The images were dowloaded from http://glovis.usgs.gov. The images used are Landsat TM 1989 , Landsat ETM 2001 , and Landsat 8 OLI 2013 . Image pre-processing and processing was done using Erdas Imagine 9.1.
The satellite images were analysed to produce land cover (use) map. The land use classes (categories) referred to the category of Ministry of Forestry. Field surveys were conducted to verify landscover types and to measure the vegetation parameter i.e. diameter, height, and number of tree. The sampling plots (140 plots) were laid using sistematics sampling with random start. Besides, maps of watershed boundary, river, administration, road, and other thematic maps were also collected. Other secondary data used were population data which were provided by Indonesia Statistical Data 2011. Erdas Imagine 9.1 is used to interpretate satellite imagery, Arc GIS 9.3 to conduct spatial analysis, Fragstats 3.3 (McGarigal & Marks 1995 ) is used to examine landscape metrics, and Microsoft Excel is used to calculate statistic.
The process of data analysis was illustrated in Figure 2 . Satellite images classification were performed using supervised method. Accuracy assesment were conducted by comparing the result of classification with independent ground survey data sources. The sources included GPS points collected in the field during the field survey and reference map. Accuracy measures used are overall accuracy and Kappa accuracy (Jaya 2009 ). The accuracy evaluation was conducted using 140 ground truth points collected in the field to asses the accuracy of the classified 2013 landsat image. The accuracy assessment of the classified 1989, and 2001were done using landcover map made in 1990 and 2000 by the Ministry of Forestry at a scale of 1: 250,000. The clasified images were converted into grid files in ArcGIS 9.3. Landcover type of the forest was then analyzed using Fragstats to produce landscape metrics. Landscape metrics produced from fragstat analysis are area, patch density, number of pacth, proximity and contiguity index. They become fragmentation landscape forest (FLF) indicators. The FLF degree was calculated based on landscape metrics, which include size, shape, density, and isolation of forest area.
Vegetation data from the field survey were analyzed to obtain the index value richness, basal area and tree density (Cox 1985; Krebs 1989; Kusmana 1997) . Social data collected from PODES data is interpolated to obtain spatial distribution. PODES data is the village potential statistics dataset which provide information about village characteristics for all of Indonesia. The landscape metrics used in the study area were area, number of patch, proximity index, patch density index and contiguity index as described in Table 1 et al.2002) . While landscape structure was determined by the proportion of patch area in the forest landscape (Forman & Godron 1986 ).
[1]
note: g = number of like adjacencies (joins) between pixel of ii patch type (class) i based on the double-count method g = number of adjajencies (joins) between pixel of patch ik types (classes) i and k base on the double-count method P = proportion of the landscape occupied by patch type i (class) i Each of landscape metrics was then classified and scored to determine the degree of forest landscape fragmentation. The scoring was based on Likert scale basis. The total score was calculated by algebra sum of the score as shown in Equation [2] . Weighted of each landscape metric was determined using PCA analysis. Further, the total score was converted into value between 0-1 using Equation [3] (Jaya et al. 2007; Orsi & Geneletti 2010) . 
Results and Discussion
Pattern and structure of forest landscape Spatial distribution pattern of forest landscape is indicated by clumpiness index. Figure 3a shows clumpiness index tend to be decreased within 1989−2013. Otherwise, clumpiness index of Sarula sub watershed increased in 2001. Forest landscape pattern of Batang Toru watershed is more clustered than other sub watershed. Meanwhile, forest landscape of Puli sub watershed is more scatered relatively. Batang Toru Hilir has human activties more masive than Puli sub watershed. It have been proved by Miyamoto and Sano (2008) that landscape structure changed in response to human activities (Gounaridis et al. 2014) . Forest landscape of Batang Toru Hilir watershed is remained in hill and mountain area. This result inline with the reseacrh conducted by Zhang et al. (2010) that found the forest landscape tend to be clustered in hill and mountained area.
Forest landscape structure encompasses the relation of ecosystem componen (Forman & Godron 1986) . Proportion of forest patch number based on their area can descript the forest landscape structure. Figure 3b shows the highest proportion of forest patch area belong to ranged of 0-1,000 ha. While, the biggest forest patch have area about 12,000-13,000 ha. It is located in Puli sub watershed. It shows forest landscape structure is more compact due to JMHT Vol. XX, (2) having bigger forest patches. The otherway, forest landscape of Batang Toru Hilir is less compact than other. Bigger forest patches is found in upstream of sub watershed while smaller forest patches located in downstream of sub watershed. Upper part of each sub watershed is in the area which has highest elevation and slope relatively. So, the forest landscape did not get any disturbance caused by worst accessibility (Cabral et al. 2007) . This is inline with Wu et al. (2014) state that road contruction and urbanization result fragmentation and landscape pattern (Matsushita et al. 2005) . Based on map of landscape metrics and map of watershed boundary, it is found that downstream of watershed have the most of patch number. Batang Toru Hilir sub watershed has the highest patch density as shown in Figure 4a . Human activities in downstream of watershed is higher than the other part of watershed. It affect the degree of forest fragmentation in downstream of watershed. The highest patch density has been caused by forest fragmentation in downstream of watershed. Small patch size shows that forest landscape is more isolated and more fragmented (Forman & Godron 1986; Forman 1995) . It is found increasing the number of forest patch (forest patch density) over time toward (Giordano & Baccone 2010) . It will reduce large area of forest patch, then increasing in isolation of forest patch and declining of forest connectivity. Figure 4b shows that the forest of Batang Toru Hilir sub watershed is more fragmented. The fragmentation in the sub-watershed has been caused by relatively high population density of Batang 2 Toru Hilir of 50-250 individuals (or people) per km (BPS 2011 ). The FLF is positively related to the degree of urbanization (Weng 2007) . Increasing population density is leading to increase of fragmentation (Gonzalez-Abraham et al. 2007) .
Forest landscape fragmentation (FLF) of Batang
Correlation between FLF index with biophysical and antrophogenic factor Human disturbance factors influence on decreasing connectivity of forests as natural habitats (Liu et al. 2014) , as well as the slope and elevation factors (Simone et al. 2010) . Ongoing anthropogenic factor can influence structure and composition of forest landscape which borders other uses (Hardt et al. 2013) . Pearson correlation between fragmentation index and distance to roads showed that the farther distance to the road, the lower forest landscape fragmentation index, otherwise getting close to the main road, the higher of landscape fragmentation index (Table 2) . It shows humans tend to cause fragmentation in the area which is close to the road (Newman et al. 2014) , and has better forest accessibility (Nagendra et al. 2003; Shearman et al. 2009 ). Increasing of human population increased the fragmentation. Fragmentataion can change the forest landscape structure that can reduce the environment quality (Matsusita et al. 2004 ). The other research shows the primary direct cause are economic driven intense anthropogenic activities (Gounaridis et al. 2014) .
High correlation between fragmentation index and distance from forest to the river was found in Batang Toru Hilir sub-watershed, higher than that occurred in other subwatershed. The farther of distance to the river, the lower of FLF index, and inversely the closer the distance to the river, Table 2 Pearson correlations between fragmentation landscape index with distance to the road, distance to the river, degree of slope, and elevation the higher of index of FLF. Rivers are at a relatively flat area commonly used as a transportation. Positive correlation was found between the index of FLF and distance to the river in sub-watershed of Sarula and Puli. Within this sub-watershed, river is not used as transportation infrastructure due to their area configuration which is steep slope and cliffs. It is so difficult to access a forest in area which is close to river. Slope affects index of FLF. Pearson correlations show that the higher slope, the lower FLF index and otherwise the lower slope the higher FLF index (Simone et al. 2010) . Elevation have no significant correlation with the index of FLF in sub-watershed of Puli, but significant correlation between elevation and the index of FLF occurs in Batang Toru Hilir and Sarula sub-watershed. However, while the higher elevation the higher FLF index in Batang Toru Hilir sub watershed, otherwise the higher elevation the lower of FLF index in sub-watershed of Sarula. This happens because, in sub watershed of Batang Toru, remaining undisturbed of natural forests are at high elevation while the remaining natural forests or plantations at relatively low elevation areas. It get relatively smaller disturbances. So high forest landscape fragmentation tends to occur at higher elevations, because of less monitored in this area.
The road becomes the indirect cause of forest fragmentation and degradation (Simone et al. 2010) . The road attracts human for changing land use and land cover. Human will convert forest to agricultural land and get forest product trigger land use changes. More close to the road, forests fragmentation and deforestation increase due to the relationship between forest and human home is easier (Nagendra et al.2003) . Development of new road will change forest landscape (Fearnside 2007) . Its distribution and pattern follow the road, since the road trigger settlement establishment. Land forest clearing for agriculture was conducted near road and has left only a small part of forest among cleared land (Arima et al. 2005; Feraz et al. 2005; Fearnside 2007 ). Further, the road increase connectivity among settlement centre that could threat forests sustainability (Fearnside 2008) . However, forest in steeply and difficult accessibility area have less human disturbance (Cabral et al. 2007; Munroe et al. 2007) . Effective conservation and restoration strategy choice would be well to reinstate the forest (Simone et al. 2010) .
The human activities have impact to biodiversity, ecological entities from species to whole communities, and ecosystem (Roy & Joshi 2002) . The vegetation analysis resulted basal area and richness index of Toru Hilir watershed are relatively lower than other watershed. Batang Toru Hilir watershed has value of richness index about 1.27, lower than value richness index of Puli watershed about 1.78. In general, the forest ecosystem within these three sub-watersheds have got moderate exogenous presure having richness index range between 1-2.
Based on the value of clumpiness index, Batang Toru landscape forest is relatively clumped. However, landscape forest in Batang Toru watershed is dominated by small forest patches, while the proportion of large forest patches is relatively low. There is a trend of increasing of the number of forest patches and decreasing of patch size of forest during 1989−2013. This cause increasing of forest landscape fragmentation degree. Correlation between forest landscape fragmentation with biophysics and anthropogenic factor is different among sub-watershed. However, as a broader watersheds ecosystems, forest landscape fragmentation degree is influenced by the distance to the road and the distance to the river. Bigger area and compact forest patches are required in the context of the orang utan habitat. Presently, Batang Toru forest is separated into two blocks that are east block forest and west block forest of Batang Toru. It may cause the orang utan (Pongo abelii) to be isolated from their comunity. For conserving the orang utan habitat, it is needed to restore the habitat. Regaining of the habitat may need a proper planning that have to consider the degree of FLF in and arround project area of rehabilitation.
Conclusion
Forest landscape pattern of Batang Toru watershed tends to be clumped with landscape structure consisting of relatively small forest patches. The degree of forest landscape fragmentation correlated with distance to the road and distance to the river. The degree of forest landscape fragmentation tend to increase during 1989−2013. High population density can triger forest landscape fragmentation. The high degree of forest fragmentation is mainly occured in downstream of watersheds. Reinstating of forest landscape function should be started with forest landscape having high fragmentation degree.
